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(54) Method for welding aluminium plates 

(57) A method of nrianulacluring a structurs, prefer- 
ably a cun^ed structure, for example a spherical 
LNG-tank or the like, of welded together metallic, e.g. 
aluminium, plates, comprising welding flat metallic plates 
means (4,5) together by downhand welding >whi[st sup- 
porting the plate means on atittable structure (12a). The 
angle of the tiltable structure is controlled during the 
welding to prov^e a sut)5tantially constant inclination of 
the welding groove throughout the welding of the plate 
assemblies. A structure, e.g. a spherical LNG-tank, 
formed by the method is also disclosed. 
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Description 

This invention relates to a method according to the 
preamble of claim 1,1 n particular, but not exclusively, the 
invention is intended for welding together aluminium 
plates for manufacturing a spherical LNG-tanIc and to a 
spherical LNG-tank manufactured by this method. 

The manufacture of vessel-bora tanks for liquified 
natural gas (LNG) includes welding together large and 
thick aluminium plates which are shaped to form the 
spherical LNG-tank. Similar tanks maybe used in places 
other than on vessels (or storing LNG or other substanc- 
es. Because a targe proportion of the manufacturing 
costs are the welding costs, It is cost advantageous for 
the plate blanks welded together to be as large as pos- 
sible. However joining together such targe plate blanks 
and so formed welded plate assemblies by further wekJ- 
ing is denrsndtng work, since all the weid joints must be 
of high quality. Furthernrrare the plates and the plate as- 
semblies must be made to a high tolerance with regard 
to their shape and dimension to achieve a proper final 
result 

EP-A-0570212 relates to the manufacture of large 
spherics! LNG-tanks of weWed together aluminium 
plates and discloses welding together several flal or 
plane plates, subsequently fomning the welded plate as- 
sembly in a mould into a part-spherical shape and using 
the formed plate assembly in the following stage of man* 
ufacture. However, during forming of the plate assembly 
In the mouldy the plate assembly stretches somewhal 
This makes it difficult subsequently to use modern, high 
power, MIG-welding equipment for welding in one pass 
per side because there are shape defects in the wekjing 
groove and at its root. 

It is also known to manufacture spherical tanks of 
ptates whteh are wekJed together by a so-called tractor 
type welding carriage to fonm larger plate assemblies. 
However, difficulties and waste of time occur, especially 
at the start and finish of the welding process, when using 
this kind of equipment. Known manufacturing methods 
for welding preformed plates together with tractor type 
welding equipment also requredouble the number of as- 
sembly stations. Since removal of the weld rehforce- 
mant before forming is necessary because of the inspec- 
tions included in many methods and because of the f onm- 
ing itselt, special attention has to be given to the auto- 
mation of the vwork and to the dimensional precision of 
the final work. 

An object of the invention is to achieve a high level 
of automation in the manufacture of welded structures, 
for example cun^ed structures such as large spherical 
LNG-tanks, and to improve the quality of both the welds 
and the manufactured structure, e.g. a sphorical tank. 

According to one aspect of the invention , this object 
is achieved by a method as claimed in the ensuing claim 

A large spherical LNG-tank or the like has a diameter 
of at least 20 metres, may be even more than 40 metres. 



It can be manufactured according to the invention from 
aluminium plates typically having a thickneas of from 20 
mm to 70 mm. The plates to be welded together are con- 
veniently held in a fixed position during welding by jigs 
s and suction fastening devices. 

The plate means are suitably formed by welding 
plane plates together by using manipulating means 
nK)unted on an adjustable and kx:kable oveitiead frame. 
The manipulating means conveniently c<xnprtses, in ad- 
ro dition to wekJing equipment, a device for scraping or 
brushing the weW groove prior to welding lor removing 
impurities and any ocide layer on the aluminium. Remov- 
al of the oxide layer reduces the risks of subsequent 
welding defects. The groove brushing device moves 
IS atong the wekJ groove infront of the weldtng device, most 
suitably at a distance of about haft a metre from the weld- 
ing device. The manipulating means may also be provid- 
ed with cutting means, e.g. a milling cutter, for removing 
the weld reinforcerr^ent so that the welded joint is made 
^0 substantially flush with the welded together plates. The 
cutter moves along the weld groove behind the weldhg 
device and removes the weld reinforcement immediately 
after the fornnation of the weld. Because the cutter Is a 
part of the nnantpulating means, the repeatabilily of the 
25 cutting is excelbnt, accurate and fast. 

Suitably the welded together plates fomiing the plate 
means are plasma cut to a size ar>d shape suitable for 
the structure, e.g. a spherical LNG-tank, being nr^nutac- 
tured. However a working allowance is made because 
30 the edges of the plate means for the subsequent welding 
stage are made by afoim milling cutter. Accurate forming 
of the groove and the production of smooth groove sur- 
faces are Important for achieving compatible plate edge 
surfaces to be joined which are required for producing a 
35 good finished weld. 

Two plate means bentto a curved or spherbal shape 
are suitably pined together with a flat butt wtekJ using a 
manipulator device and the tilling support structure. The 
cun/ed structure, ag, a spherical LNG-tank, to be man- 
40 ufactured may be assembled from large sections at the 
final assembly site. 

The metallic, preferably aluminium, plates are con- 
veniently wekded together with the use of a manipulator 
device with only one pass per skJe irrespective of mate- 
45 rial thickness. For this purpose, a high power wekJingde- 
vice may be used. Fastening and turning equipment is 
provided for turning the plate means upside down to en- 
able both sides of a joint to be welded using a downhand 
wekJlng technique. To speed up the work, it is of advan- 
ce tage to use a production line having the turning equip- 
ment located between two manipulator devices 

In Older to wekl plane plates to form larger plate 
means or assemblies, a suction fastening device holding 
the plane plates is tilted so that the groove at the welding 
55 point is inclined upwards in the welding direction by from 
4" to 7**, preferably about 5". It is then possible to use a 
high power welding device and to complete the weld joint 
on one side in one pass, because full control of the melt 
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is easily achieved when the weld groove is slightly up- 
wardly inclined. 

The plate means or assemblies bent to a curved or 
part-spherical shape lor subsequent welding together 
are supported on the tillable support structure by means 
of which the inclination of the plate assemblies at the 
welding point is settoavalueof from 4** to7°, preferably 
about 6", upwards in the welding direction. Since the 
welding groove is cunred in a vertical plane, this is 
achieved by continuously adjusting the angle of titt of the 
tillable table during welding. This makes it possible to 
use high power welding equipment and to complete the 
weld joint on one side in one pass for the reasons men- 
tioned above. 

It is of advantage to support at least two plate means 
of part-spherical shape by a support device substantially 
in the shape of a circular ring, in this case either the con- 
vex side or the concave side of the part-spherical shape 
may face upwards during the welding. The circular ring 
should be dimensioned so that its diameter is as large 
as possible for achieving a good support of the plate 
means, but sufficiently small thai the plate means totally 
cover it. It is also possible to use a known suction fas- 
tening device with suction heads which face the plate 
means etfid which aro easily adjustable. The vertical po- 
sition of the euction heads can thus be adjusted to sup- 
port from below either the convex or the concave surface 
of the plate means. 

The height of the support structure in the central re- 
gion of the support assembly is adjustable depending on 
whether the plate means to be welded are positioned 
with their concave or convex sides upwards. According 
to a preferred embodiment^ the support structure in the 
central region of the circular ring comprises a small cir- 
cular ring with a diameter of . for example, approximately 
1 250 mm, the height of which is adjustable so that it sup- 
ports either the convex or the concave side of the plate 
means. Another method of support Is to provide, in the 
central area of the circular ring, an upwardly convex gen- 
eral support preferably having a part-spherical shape. 
The support is adjusted to a suitable height for support- 
ing the plate means to be welded For welding upwardly 
concave plate means, an upwardly concave intermedi- 
ate structure maybe arranged, in the central support ar- 
ea, to support with its top the central area of the plate 
means. 

The wekdable edges of the metallic, preferably alu- 
minium, plate and^or plate means are prepared by a form 
milling cutter that simultaneously cuts to shape both the 
root portion and the sides of the groove. Conveniently, a 
cylindrical disc cutter having a relatively large diameter 
can be used. It is important that the disc cutter moves 
along such a line and at such an angle to the plale/plate 
means that a weld root surface is produced which allows 
easy positioning of one plate/plate means against anoth- 
er with substantially no slot or gap between adjacent root 
surfaces. If irregularities occur, a slot or gap of about 1 
mm between the root surface may be acceptable. 



The invention also relates to a cunred structure, e.g. 
a large spherical LNG-tank or the like, the plate sections 
of which are manufactured by using the method accord- 
ing to said one aspect of the invention. Further aspects 
s of the invention are disclosed by the methods disclosed 
In claims 20 and 21 . 

An embodiment of the invention will be described by 
way of example only, with particular relerence to the ac- 
companying drawings, in which: 

10 

Figure 1 schematically illustrates manufacturing 
equipment for joining together substantially planar 
plates to form plate means or assemblies; 

IS Figure 2 schematically illustrates manufacturing 
equipment for joining together cun^ed or part-spher- 
ical plate assemblies; 

Figure 3 schematically illustrates fastening and sup- 
20 port equipment for welding together part-spherical 
plate means or assemblies; and 

Figure 4 schenf^ticatly illustrates accessories of a 
manipulator device. 

25 

In Figure 1 there is shown a production line for jc^n- 
ing together substantially flat or plane ptatesloform plate 
means or assemblies, the production line including first 
and second downhand welding and manipulating devic- 
30 es at stations 1 and 3 and a plate assembly turnover de- 
vice at station 2. At station 1. plane plates 4 and 5, al- 
ready cut to a desired, slightly tapered shape, are joined 
together by welding to form a plate assembly. The edges 
6 and 7 of the plates 5 and 4. respectively, which are to 
35 be welded together have been machined by a cylindrical 
cutter toform a wetdgroove with root surfaces. A welding 
device 9 is mounted on an overhead cross beam 8 o1 a 
portal frame for movement transversely of the direction 
of the piDduction line. The cross beam 8 is inclined at an 
40 angle of from 4° to 7* , typically 5° , This inclination is ad- 
justable and the cross beam can be locked in its inclined 
position so thaft the weld groove is upwardly inclined in 
the direction of welding. 

A suction fastening device (not shown in detail) is 
45 an-anged beneath thecross beam 8 for holdingthe plates 
4 and 5 firmly in place during welding. The suction fas- 
tening device is also inclined or tilted so that the weld 
groove between the edges to be welded logelher is par- 
allel to ttie cross beam 8 of the portal frame during weld- 
so ing. Other parts of the welding equipment are shown in 
more detail in Figure 4 described hereinafter 

In order to weld both sides of the plate assembly, the 
latter, after being downhand welded at station 1 , is turned 
upside down in station 2 and is passed to station 3. The 
55 second welding and manipulating device at station 3 in- 
cludes a cross beam 8a o1 a porta! frame B and a down- 
hand welding device 9a each of the same kind as at sta- 
tion 1 , Instead of welding the second side of the plane 
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plates 4 and 5 at station 3, it Is also possible to exclude 
station 3 and to weld both sides of the plate assembly 4, 
5 at station 1 * e.g. by returning tine plate assembly to sta- 
tion 1 after turning the plate assembly upside down in 
station 2. 

Figure 2 shows three embodiments 12a, 12b and 
12c of a tittable welding table including plate assembly 
support and fastening equipment (shown in more detail 
in Figure 3) The table 1 2a is used to weld together a first 
plate assemb^, consisting of the two welded together 
plates 4 and 5, which has conveniently been cut to shape 
and then bent into a part-spherical shape and a similar 
second plate assembly consisting of welded together 
plates 1 4 and 15 and also having conveniently been cut 
to shape and then bent into a part-spherical shape. The 
edges of the plate assemblies to be joined together may 
be cut to shape, e.g. bevelled with a milling cirtter. To 
enable welding of these edges, a welding device 17 is 
carried by a manipulator device 16 which allows move- 
ment of the welding device 17 In mutually exclusive di- 
rections perpendicular to each other In particular, the 
manipulator device 16 comprises a horizontal beam 20 
along which the welding device can move horizontally, a 
pillar 1 9 carrying the beam 20 for vertical movement of 
the latter and horizontal guides ISa and 18b for horizon- 
tal movementof the pillar 19. The plate assembly formed 
of the plates 4, 5. 14 and 15 is placed on the table 12a 
which is tiltable at least ± 20'. preferably at least ± 30*, 
from its horizontal positwDn. 

The plate assembly 4, 5, 14 and 15 is releasably 
fixed on the table 12a by means of suction fastening 
equipment. The cun^ed weld groove f omied by ptate as- 
sembly edges 21 and 22 is arranged to lie in a vertical 
plane parallel to the guides 18a and 18b. During welding 
the tilt or inclination of the table 12a is continuously ad- 
justed about an axis perpendicular to this vertical plane 
so that welding always takes part in a portion of the 
cun/ed weld groove inclined, for example, at an angle of 
from 4** to 7**, typically about 5**. upwards. In particular 
the orientation of the table 1 2a is adjusted during welding 
so that the tangent to the curved or arcuate weld groove 
at the welding location is inclined to the horizontal at an 
angle of from 4" to 7*. The pillar 19 moves along the 
guides ISa and 18b as welding progresses along the 
weld groove. Should there be a discrepancy in the par- 
alletity between the guides Ida and 18b and the weld 
groove, correction is made by moving the welding device 
17 on the beam 20. The distance of the welding device 
17 from the welding groove is adjusted by moving the 
beam 20 vertically up and down the pillar 1 9, 

The manipulator device 16 is preferably equipped 
with a device for removing wekJ smoke, with groove 
cleaning devices for cleaning the weld groove upstream 
of the welding device and with a mi lling device for remov- 
ing the weld reinforcement so that the weld joint can be 
made flush wtlh the surfaces of the Joined together plate 
assemblies. It is also possible to provide quality monitor- 
ing devices for monitoring the quality of the weld joint. 



The tiltable table 12b dllfers frofn the table 12a in 
that it has two cross-wise arranged lilting axes allowing 
tilting abcKrt perpendicular horizontal axes as indicated 
by arrows 1 1 and 13, The table 1 2b is intended in partlc- 

B uiar for supporting plate assemblies forming upper and 
lower "calottes' of a spherical lank having plate portions 
23. 24, 26 and 26. The welding device 17b of the table 
12b has the same degrees of movement as the device 
17. However, the two tilting axes of the table 12b make 

10 it possible for all welds to be carried out without having 
to release the fixation of the workpiece. 

The table 1 2c is an alternative to the table 12a, the 
pieces to be welded on table 12c being intended to be 
wekled by the welding device 1 7. Support and fastening 

IS means lor holding the concave or convex side of a 
part-spherical workpiece are indicated by numerals 29, 
30, 30b and 31 b (see Figu res 2 and 3). The main support 
member comprises a circular ring 29, the diameter of 
which may typically be about 10 m when manufacturing 

20 portions of a spherical tank having a diameter of about 
40 At the centre of the support ring 29, there is a sup- 
port 30^ including a support member 30b which is used 
during welding the convex side of a plate assembly (see 
full lines in Figure 3). Aconresponding lower support 30a 

2S \s used when the concave side (see chain lines in Figure 
3) of the plate assembly is to be welded. Vertically ad- 
justable suction fastening devices 31 a, 31 b are used for 
pulling the plate assembly towards, and holding it 
against, the support ring 29. As an alternative to the cen- 

30 tral support structure 30a, 30b, another annular support, 
ofsmaller diameter than the ring 29, maybe used. Such 
a support should also be vertically adjustable to conform 
to the concavity or convexity of the plates to be support- 
ed. 

3S Figure 4 shows accessories of a welding device 9, 
for instance a high power MIG-weldrig device, using 
welding wire provided from a roll 32 for depositing weld 
metal into the welding groove at a welding location. In 
particular, there is provided a cleaning device in the form 

40 da rotating brush 33 for cleaning the groove of impuri- 
ties and harmful particles. Matter removed by the brush 
33 is sucked Into a pipe 34, in which an air flow is main- 
talined for removing such matter. A groove sensor device 
35 is arranged between the brush 33 and the welding 

46 device. A cutter 36 is provided for removing ihe weld re- 
inforcement, formed during welding and extending 
above the surfaces of the plates welded togeiher, the cut- 
ting chips being suckedawaythroughapipe 37, Aslmilar 
suction pipe 38 removes weld moke produced at the 

so welding point 39. 

The plate thickness of a spherical tank manufac- 
tured by the method described is, as a rule, between from 
20 to 70 mm, thinner plates being used In the upper re- 
gions of the tank. The wekJ groove suitably includes dou- 

ss ble, symmetrically positioned V-grooves with root faces. 
The root area typically takes up from 40% to 50% pf the 
plate thtekness. The groove angle varies from approxi- 
mately 90** for thinner plates to approximately 70" for 
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thicker plates. 

The invention is not restricted to the emIxxJiments 
shown, but several mcdifications thereof are feasible 
wfthin the scope of the ensuing claims. 
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Claims 

1. A method of manufacturing a structure o# welded 
together metallic, e.g. aluminium, plates (4,5). char- 
acterised in that tvra metallic plate means are sup- 
ported on a tiltabie support structure (12a) with two 
plate edges (21,22) of the plate means adjacer^t 
each other and defining a welding groove and in that 
the two plate edges are joined together by down- 
hand welding involving nnoving a welding device (1 7) 
along said welding groove and lifting the support 
structure (12a) to provide a sut>stantialty constant 
inclination of the welding groove at the position of 
ihe welding device (1 7) as the latter is nrKwed along 
the welding groove, 

2. A method according to claim 1 for creating a curved 
structure, characterised in that the two plate means 
arc bent prior to being joined together and in that the 
said welding groove is curved with a changing incli- 
nation along its length. 

3. A method according to claim 1 . characterised in thai 
each plate means is formed by welding togefther 
substantially flat metalHc plates (4,5) by downhand 
welding using welding means (9»9a) moving along 
a weld groove. 

4. A method according to claim 3, characterised in that, 3S 
prior to joining said plate edges together, each plate 
means is bent into a curved fomi so that the plate 
means have cun/ed plate edges and said welding 
groove is cun/ed with a changing inclination along it 
length. 

5. A method accotding to claim 4. characterised in that 
each of the plate means (4,5; 14, 15) is cut to a 
desired stiape before being bent into its curved form. 

45 

6. A method according to any of claims 3 to 5, charac- 
terised In that said downhand welding together of 
said plates is performed by said welding means 
(9,9a) being movably mounted on an overhead 
transverse frame (8) having an adjustable inclina- so 
tion. 

7. A method according to any of claims 3 to 6, charac- 
terised in that prior to welding the plates together to 
form each plate means, said weld groove between ss 
the plates is cleaned by brushing. 

8- A method according to claim 7, characterised in that 



said brushing is provided by a brushing device (33) 
which moves abng the weld groove in front of said 
welding means (9)= preferably at a distance of about 
half a metre from the welding means. 

a A method according to any of the preceding claims^ 
characterised in that after welding the plates 
together to form said plate means the welds so cre- 
ated are mil led to remove weld reinforcements. 

10, A method according to claim 9, characterised in that 
the milling is provided by a milling cutter (36) moving 
in the direction of the weld behind 1tie welding means 



11, A method according to any of claims 3 to 10, char- 
a<^ensed in that each plate means (4,5) is formed 
by welding said plates together In one pass on one 
side, tunaing the plate means over and welding the 

20 plates in one pass on the other side. 

12. A method according to any of claims 3 to 11 , char- 
acterised in that in the formation of each plate means 
a suction fastening device holds the plates and Is 

25 lilted so that the weld groove at the welding point is 
orientated upwards relative to horizontal plane at an 
angle of from 4** to 7*, preferably about 5*, in the 
welding direction. 



13. A method according to any of the preceding clainns, 
characterised in that said plate edges (21 .22) are 
cut, e.g. machined, prior to being joined together to 
enable formation of an accurate welding groove. 

14. A method according to any of the preceding claims, 
characterised in that said tiltabie support structure 
(12a) includes a tiltabie table carrying the plate 
means to be welded together and wh ich is tilted dur- 
ing welding so as to orientate Itie welding groove 
between the plate edges being welded together at 
the welding point to an upwards inclination of from 
4* to 7** , preferably about 5* , in the direction of weld- 
ing. 

15. A method according to claim 2, 4, 5 or any of claims 
6 to 1 3 when dependent on any of claims 2, 4 or 5, 
characterised in that the plate means are supported 
on the tiltabie table by an annular member (29) 
allowing support of eithera convex side era concave 
side of the plate means. 

16. A method according to claim 15, characterised in 
that an additional support structure (30a, 30b) is pro- 
vided centrally of the annular support member (29) 
and Includes means for adjusting its height position. 

17- A method according to any of the preceding claims, 
characterised in that, priorto joining the plate means 
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together, the edges of the plate means to be welded 
are finished to create ^id plate edges by reiwving 
the machining allowance by a fonm milling cutter, 
which simuttaneously lorms edges lor providing 
both the root surface of the weld and the sides of the 5 
welding groove. 

18. A method according to any of claims t to 16, char- 
acterised in that the said plate edges are bevelled, 

19. A large, spherical LNG-tank or the like, character- 
ised In that it is assembled of plate nneans each man- 
ufactured according to the method of any of Ihe pre- 
ceding ctainns. 

20. A method for manufacturing a large basically spher- 
ical vessel from plate aluminum plates having a 
thickness in the range of from about 20 mm to about 
70 mm. comprising: 

(a) forming at least first and second plane plate 
assemblies by downhand welding together 
plane plates controlled by a welding device 
including an adjustably lockable portal; 

(b) ciittrng each welded plane plate assembly to 
a peripheral shape that fits into the structural 
pattern of the vessel except for an allowance for 
machining In step (d); 

(c) bending each plate assembly to a 
part-spherical configuration; 

(d) machining respective edges of the first and 
second bent plate assemblies to a profile suita- 
ble for welding in step (e); and 

(e) downhand welding Ihe first and second plate 
assemblies together along the machined edges 
using a manipulator device that includes a tilla- 
ble support. 

21. A method for manufacturing a large spherically 
curved structure from plane aluminum plates having 
a thickness in ttie range of from about 20 mm to 
about 70 mnn, comprising: 

(a) 



by positioning two further plane plates to 
meet in edge-to-edge relationship along a 
line that is inclined to the horizontal and 
downhand welding together said furttier 
plane plates in an upward direction along 
the line at which they meet; 

(b) cutting each plane plate assembly to a 
peripheral shape that fits into the structural pat- 
tern of the spherically curved structure except 
for an altowance for machining in step (d); 

(c) bending each plane plate assembly to a 
part-spherical configuration; 

(d) machining respective edges of the first and 
second bent plate assemblies to a profile suita- 
ble for welding in step (f); 

(e) positioning the first and second bent plate 
assemblies to meet at their machined edges 
along an arcuate line that extends upward from 
a first end of the line in a direction toward a sec- 
ond end of the arcuate line; and 

(t) dowr^and welding the first and second bent 
plate assemblies together in said direction 
along the arcuate line from the first end of the 
arcuate line to the second end thereof, whereby 
the locatkin of wekling advances along the arcu- 
ate line, while adjusting the orientation of the 
bent plate assemblies such that as the kx:ation 
of welding changes, the tangent to the arcuate 
line at the location of welding remains indined 
to the horizontal 
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(i) fonning a first plan© plate assembly by 5£> 
positioning two plane plates to meet in 
edge-to-edge relationship along a line that 
is inclined to frie horizontal and dcapwnhand 
welding together the plane plates in an 
upward direction atong the line at whk;h ^ 
they meet; 

(it) forming a second plane plate assembly 
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